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1. 

3,128,387 
PHGTOSENSTEVE LOW-TORQUE 

TRANSUCER 
Harold K. Hughes, 98-20 62 Drive, Rego Park, N.Y., 
and lyiyron A. Coler, 56 Secor Road, Scarsdale, N.Y. 

Filed Sept. 22, 1959, Ser. No. 84i,574 
3 (Caims. (C. 250-237) 

This invention relates to an improved transducer and 
more particularly to a low-torque or low-force device 
for converting a plurality of mechanical inputs into one 
or more electrical outputs. 

In a preferred form, the device comprises an apparatus 
in a light-tight enclosure wherein light from one or more 
Sources is attenuated in a definite manner and the atten 
uated light is then received on one or more light sensi 
tive targets to produce one or more independent output 
signals each of which is a representative function of the 
Several mechanical inputs. 
A principal object of the invention is to provide an 

electrical output which is a function of two or more in 
dependent mechanical inputs. 
Another object is to provide a plurality of independent 

transducers in a single housing each section of which 
is representative of its mechanical input according to a 
predetermined relation. 

Still another object of this invention is to provide, 
in a single enclosure, a plurality of independent trans 
ducers or a single transducer whose electrical output is a 
predetermined function of two or more independent 
mechanical inputs, which shall have essentially no con 
tact resistance, no eddy currents, no sparking and vir 
tually no wear due to moving parts. 

Another object is to provide such transducers whose 
only moving parts may be so mounted on primary 
Sensing elements, such as gyroscopes, pressure gages, or 
compasses, that no additional force or torque is trans 
mitted to the sensing element. 
A further object is to provide such devices, from which 

both simple linear and complex function outputs may be 
readily and interchangeably obtained and which have a 
rapid response. 

Still a further object of the invention is to provide a 
transducer of the types described above which may be 
safely shorted out and wherein there is virtually no 
limitation on the rate of change of function. 
An additional object is to provide a transducer which 

is both rugged and compact and which produces one or 
more electrical outputs which can be utilized in many 
practical devices, particularly those where the mechani 
cal motion is minute, for example 0.1 inch or less. 
These and other objects are attained by the devices 

of the present invention described in the accompanying 
specification and drawings, in which: 
FIGURE 1 is a schematic exploded view illustrating 

one manner of arranging the elements in a multiple-input 
rotary transducer, omitting for purposes of illustration 
the light-tight enclosure, electrical leads and circuitry; 
FIGURE 2 is a schematic view of another multiple 

input rotary transducer; 
FIGURE 3 is a schematic view of still another mul 

tiple-input rotary transducer; 
FIGURE 4 is a schematic exploded view of an alterna 

tive rectilinear arrangement; 
FIGURE 5 is a schematic view of another multiple 

input rectilinear transducer; 
FIGURE 6 is a circuit suitable for the devices of 

FIGURES 1-5; 
FIGURE 7 is another circuit suitable for the devices 

of FIGURES 1 and 4. 
In the devices shown in FIGURES 1-5 the mechanical 

electrical transducer comprises one or more suitable 
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sources of radiation R and diffusers D, slit-bearing plates 
S and masks M which cooperate to control the amount 
of radiation from the source or sources permitted to im 
pinge on radiation-converting targets T. The radiation 
passed to the masks is preferably caused to travel through 
a diffuser to spread the radiation more uniformly at the 
mask. Discs S, each containing one or more slits, are 
provided on either or both sides of masks described be 
low, the slits being provided to further delineate the 
beam of radiation permitted to fall on the target. 
The masks are supported for movement on shafts I 

which are adapted to be connected to the mechanical 
inputs. The masks may be either entirely opaque solid 
discs, of a suitable configuration such that motion of the 
supporting shaft produces a cut-off of varying amounts 
of the radiation from source R, transmitted to targets T, 
or the masks may be partly opaque and partly transpar 
ent or translucent e.g. in the manner of a photographic 
film. 

Each mask is preferably constructed so that the radia 
tion transmitted to its target is a function of the motion 
of the supporting shaft relative to an initial original 
reference position. 

In the device shown in FIGURE 1 radiation from a 
single source R travels in opposite directions and is re 
ceived on two separate targets T after travelling through 
two separate mask-diffuser-slit apparatuses (each consist 
ing of a diffuser D, a fixed slit-bearing member S and a 
moveable mask M), into which two independent mechan 
ical inputs are fed. As shown in FIGURE 1 each of 
the masks is mounted separately on its own shaft I and 
is supported for rotation in bearings. The two shafts 
are free to rotate independently of each other and hence 
represent the means whereby two entirely independent in 
puts may be fed into the device. 

- The two masks M and the two duplex targets illus 
trated in FIGURE 1 are suitable for two independent 
balanced push-pull outputs but it will be readily appre 
ciated that the same or similar apparatus may be used 
with two single-sided output circuits. Furthermore, the 
targets may be single instead of duplex. In addition 
the outputs of the targets may be combined in the usual 
way to yield a single output functionally related to the 
two independent inputs as for example by a product, 
sum or similar relationship. 
The electrical outputs resulting from the illumination 

permitted to fall on targets T may be taken off by suit 
able separate and independent leads or the two outputs 
may be combined and led to connectors, as hereinafter 
described. 
FIGURE 2 shows another embodiment wherein the 

radiation travels in only one direction instead of travelling 
in two directions as in the previously described device 
in FIGURE 1. An advantage of this arrangement is that 
fewer components are employed thereby reducing the 
cost and the space requirements of the device. Light 
from lamp R passes in succession through diffuser D, a 
first mask M, slit in disc S, a second mask M and a 
second slit in a second disc S before it finally impinges 
on light-sensitive cell T. Independent motions of the 
two shafts I are thereby converted into one or more elec 
trical outputs from cell T, as hereinafter described. 

In one embodiment of the device shown in FIGURE 2 
the path taken by the radiation from the lamp source 
to the light-sensitive target may be a single path with 
the level of radiation ultimately falling on the detector 
determined by both masks. Alternately, there may be 
two radially-displaced parallel paths, in one of which the 
radiation is attenuated only by the first mask M and in 
the other of which the radiation is attenuated only by the 
second mask M. The light-sensitive cell T may be either 
a single or duplex cell. If it is a single cell and there 
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is but one optical path to it from the radiation source, 
the electrical output is the product of the two independent 
input functions. What these functions are is determined 
by the nature of the two masks, acting in cooperation with 
the slits. For example, the transmittance of each mask, 
which may be in the form of a photographic emulsion, 
may be a linear function of the angle of rotation of its 
respective shaft, in which case the electrical output will 
be linearly related to the product of the two angles of 
rotation. 

Alternately, in the device of FIGURE 2 there may be 
two separate optical paths from the radiation source to 
a single or duplex target or to two separate targets. The 
dashed lines in FIGURE 2 show an arrangement in which 
each of the two masks M have clear, completely trans 
parent regions designated as C and C respectively. 
These clear regions are of approximately the same radial 
width but are located at different radial distances from 
the center line of the shafts supporting the masks. By 
this means, two beams of radiation from source R travel 
along two paths approximately parallel to the shafts, each 
Such beam of radiation being attenuated by only one 
of the masks. In this case, the electrical output will be 
the sum of the two separate input functions. If the two 
partial electrical outputs bear a logarithmic relation to 
their respective mechanical inputs, for example, then the 
combined electrical output will be the logarithm of the 
product of the two inputs. This is another and distinct 
manner of obtaining the product of two independent 
inputs. With two paths and a duplex cell, it is possible 
to have two independent outputs from the two independent 
inputs. 
FIGURE 3 is a slightly modified version of the device 

of FIGURE 1 where in place of a duplex cell and a 
push-pull circuit, a single-sided output is used. Thus, in 
place of having a mask which simultaneously covers half 
of a duplex cell and uncovers the other half, there is 
shown an opaque edge-mask which affects the entire 
cell as a single unit. 
The outputs of the two cells of the device constructed 

according to FIGURE 3 may be led to separate ampli 
fiers, or for an addition of inputs, they may be combined 
as illustrated in FIGURE 6. If the two separate func 
tions logarithmically relate their respective inputs and 
partial outputs, then the combined electrical output will 
be the logarithm of the product of the two inputs. The 
electrical outputs of the two cells may also be combined 
in other ways such as with circuits based upon a dual 
triode vacuum tube. 
FIGURE 4 is the corresponding rectilinear form of 

the invention of FIGURE 1. Light from lamp R passes 
through diffusers D, masks M and fixed slits S, and then 
impinges on photosensitive cells T. The configuration 
and motion of the mask produce an increase in the 
amount of radiation falling on one-half of its respective 
duplex cell while at the same time they produce a decrease 
in the amount of radiation falling on the other half of 
the duplex cell. By this means the electrical output from 
the cell is a push-pull representation of the mechanical 
input. 
The functional relationship between the mechanical 

input and the electrical output of the transducer is deter 
mined by the shape of the mask and any cooperating fixed 
slits used in conjunction with the mask. For a linear 
relationship in the devices of FIGURES 4 and 5, the 
hole in the mask is a rectangle. For other relationships 
the mask is given other suitable shapes and proportions. 
As will be readily understood, a simple single-sided cir 
cuit may be employed in place of a push-pull output in 
which device the cells are not converted to the duplex 
cells described above. 
FIGURE 5 shows a rectilinear embodiment of the 

device corresponding to the rotary form shown in FIG 
URE. 2. The same flexibility in possible modes of oper 
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4. 
ation and connections applies to the device of FIGURE 5 
as applied to the device of FIGURE 2, 
FIGURE 6 shows a circuit for the devices of FIG 

URES 1-5. As shown two photovoltaic cells 20 and 22 
which correspond to the targets T in FIGURES 1-5, 
produce a voltage, in response to the radiation falling 
on them, which make the base of transistors 24 and 26 
more positive. The flow of electrons through the tran 
sistor from emitter to collector is controlled by the output 
voltage of cells 20 and 22. Zener diode 28 and a resistor 
3 in series with the diode bias the transistors into their 
linear region. 
The output voltage is developed by load resistor 32 

by means of variations in the combined flow of collector 
CurrentS. 

In a specific device, the targets were Hoffman silicon 
photovoltaic cells type 51C, the diode 28 was a Transitron 
No. SG 22, resistor 30 was 7500 ohms, resistor 32 was 
5000 ohms and the transistors were Transitron ST 45 
(npn) silicon transistors. 
Turning to FIGURE 7, the circuit for obtaining two 

independent outputs in simplest form consists of two 
push-pull transistor amplifiers wherein the targets T which 
are preferably the duplex photovoltaic cells of FIG 
URE 1, feed their respective transistors and the outputs 
are taken from the pair of load resistors 0 in the manner 
shown. The duplex cells may be formed by taking a 
narrow cut with a thin abrasive wheel through the p-layer 
of Hoffman No. 51C silicon photovoltaic cells or equiv 
alent. Other amplifiers such as those utilizing vacuum 
tubes in place of transistors can be employed. 

In a specific device constructed with the circuit of FIG 
URE 7 the photovoltaic cells were duplex Hoffman sili 
con photovoltaic cells No. 51C; the diodes are the same 
as those in FIGURE 6, load resistors 8 were each 7500 
ohms, resistors 4 were each 39,000 ohms, balancing po 
tentiometers 12 were 200 ohms, and the transistors were 
those of FIGURE 6. 
As will be evident from the foregoing discussion, the 

maximum in flexibility is achieved by providing a dupleX 
cell and two optical paths since any of the above arrange 
ments may be obtained at will by suitably operating such 
a device. 

Other functions than those specifically mentioned may 
be readily obtained by proper choice of the mask-transmit 
tance-vs-mechanical-movement relationship. 
By making the mountings of the masks interchangeable 

and then changing masks, it will be apparent that the 
device provides a mode of adaptation to accommodate 
various input-output relationships, with a minimum of re 
building. 

Other combinations of optical paths, detectors, radiation 
sources, diffusers and circuits are possible within the spirit 
of this invention. In place of incandescent lamps, other 
sources which may be employed include, for example, 
luminescent sheets, neon lamps, radioactive sources and 
the like. Other detectors may likewise be employed pro 
vided only that they are matched to the character of the 
radiation used. For example, photoelectric and photo 
conductive cells, Geiger counters, etc. may be employed. 

Likewise, other attenuators may be employed, such as 
a wedge of tinted glass or plastic, liquids in transparent or 
translucent containers, Ronchi rulings, etc. 
While this invention has so far been described in terms 

of two independent shaft inputs, it should be understood 
that three or more independent inputs can be provided; 
and associated circuits, similar to those described above, 
can be devised by one skilled in electronics to combine 
three or more independent inputs into a single output; or 
the outputs may be brought out through separate leads. 
We claim: 
1. A device for producing an electrical signal output 

which bears a predetermined functional relationship to 
the positions of a plurality of independently movable shaft 
members in the device and which includes in combina 
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tion, in a suitable housing: at least one source of radia 
tion, at least one radiation-sensitive target converting 
radiation received thereon into at least one electrical 
signal and positioned so as to receive at least a portion 
of said radiation; a slit-bearing plate, fixedly positioned 
with reference to said source of radiation and positioned 
between said source and said target; and a plurality of at 
tenuating means, movable with reference to said source of 
radiation and each operatively connected to one movable 
shaft and, in response to a change in position thereof, 
adapted to attenuate the radiation from said source per 
mitted to reach the target whereby the electrical signal 
output of said device is the intended function of the posi 
tions of said shaft members. 

2. A device for producing an electrical signal output 
which bears a predetermined functional relationship to 
the positions of a plurality of independently movabie shaft 
members in the device and which includes in combination, 
in a suitable housing: at least one source of radiation; 
at least two radiation-sensitive targets each positioned so 
as to receive at least a portion of radiation from said 
source, each of said targets converting radiation received 
thereon into at least one electrical signal; and a plurality 
of attenuating means, each attenuating means being op 
eratively connected to one of said movable shafts and, 
in response to a change in position thereof, adapted to 
attenuate the radiation from said source permitted to 
reach a target operatively associated therewith, whereby 
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the electrical signal output of said device is the intended 
function of the positions of said shaft members. 

3. A device for producing an electrical signal output 
which bears a predetermined functional relationship to the 
positions of a plurality of independently movable shaft 
members in the device and which includes in combination, 
in a suitable housing: at least one source of radiation, at 
least one radiation-sensitive target positioned so as to 
receive at least a portion of said radiation said target 
converting the radiation received thereon into at least 
one electrical signal and a plurality of attenuating means, 
each attenuating means comprising a mask, a diffuser 
and a slit bearing member, each mask operatively con 
nected to one of said movable shaft members, responsive 
to a mechanical input and, in response to a change in posi 
tion of said movable shaft, adapted to attenuate the radia 
tion from said source permitted to reach the target, where 
by the electrical signal output of said device is the intended 
function of the positions of said shaft members. 
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